the Ocean Observations conference in St. Raphael, France, in October 1999. It was recognized that adequate information was not available on the state of the world ocean or its regional variations to address a range of important societal needs. Subsequent work by the marine carbon community and others in the ocean science and operational communities led to an agreed international plan described in the Global Climate Observing System (GCOS) Implementation Plan (GCOS-92, 2004 ). This foundation observing system was designed to meet climate requirements, but also The biggest challenge for the greater oceanographic community-including both research and operational components-will be demonstrating impacts and benefits sufficient to justify the funds needed to complete the observing system, as well as to sustain its funding for the long term.
b y c A N D y c E c l A r k A N D t h E i N S i t u O b S E r V i N G S y S t E M A u t h O r S , A N D S tA N W i l S O N A N D t h E S At E l l i t E O b S E r V i N G S y S t E M A u t h O r S
Oceanography Vol.22, No.3 22 This article has been published in Oceanography, Volume 22, Number 3, a quarterly journal of The Oceanography Society. © 2009 by The Oceanography Society. All rights reserved. permission is granted to copy this article for use in teaching and research. republication, systemmatic reproduction, or collective redistirbution of any portion of this article by photocopy machine, reposting, or other means is permitted only with the approval of The Oceanography Society. Send all correspondence to: info@tos.org or Th e Oceanography Society, pO box 1931 , rockville, MD 20849-1931 be provided, including that for nearterm operational purposes; and these observations must be integrated with others so that delayed-mode quality control can be done for more exacting research applications.
This paper discusses the current status of those global ocean observing systems that are relevant to, and whose data have been used by, the Global Ocean Data Assimilation Experiment (GODAE). It concludes with a discussion of some of the challenges facing these observing systems in our effort to establish sustained funding for them.
GlObAl ObSErViNG SyStEMS
The Global Climate Observing System (GCOS) Implementation Plan (GCOS-92, 2004 ) serves as a useful starting point. It calls for the phased implementation of an integrated and composite satellite and in situ observing system, with related data management and analysis activities. Figure 1 shows the 10-year implementation ramps, the year-by-year progress in reaching the 10-year goals, and the status to date.
in Situ Observing Networks
Successful operation of a global in situ observing system requires coordination of activities on a number of levels.
Sensors and best practices need to be agreed on. Deployment opportunities need to be identified and instruments delivered to take advantage of them;
where no opportunistic deployment is feasible, timely provision of special deployment efforts needs to be made. (14) Historical (20) Probably operational (53) Operational (178) GLOSS CORE NETWORK 1999 No data (35) Historical ( (14) Historical (20) Probably operational (53) Operational (178) GLOSS CORE NETWORK 1999 No data (35) repeat hydrographic 
Satellite Observing Systems
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SuStAiNiNG thE ObSErViNG SyStEMS
At present, the majority of the in situ 42 GMt pass to the east. These AScAt (Advanced Scatterometer) and QuikScAt (Quick Scatterometer) products (developed in Europe and the uS, respectively) provide 12.5-to 25-km-resolution observations of the surface vector wind field, in marked contrast to the relative sparsity of ship and buoy reports, and enable the accurate location of storm centers and associated fronts (such as the one extending to the southwest from the storm center). realizing such improvements for operational forecasting is a prime motivation behind the committee on Earth Observation Satellites (cEOS), encouraging every nation to provide timely access to data from its satellites for the benefit of all. . The Arctic ice cover has been in decline over the three decades of satellite observation. perennial ice (blue line), defined as the area of minimum ice cover, survives melting and occurs in late summer. Multiyear ice (green), the area of ice at least three years old and generally the thickest, is observed in February; it typically takes several summers for brine to drain from sea ice, leaving it almost salt free and with a distinctive microwave signature. because Multiyear ice is declining faster than perennial ice, the thickness of the Arctic ice cover is, on average, declining as well. This time series demonstrates the value of being able to integrate observations from multiple sources into a single climate record. it is based on data collected by three uS satellite-borne instruments: the Scanning Multi-frequency Microwave radiometer (SMMr) on Nimbus-7, the Special Sensor Microwave imager ( The ocean science community has demonstrated during the GODAE period that a global ocean observing system can be implemented, and can provide critical data to support global ocean forecasting and analysis. With the observations being used ever more effectively, it is hoped that the coming decade will see not only continuity but also increased coverage, including measuring more variables. From this foundation observing system, important progress will be made in ecosystem management, sustainable fisheries, weather and climate forecasting, marine operations, and the safety of life at sea. Impressive progress has been made in a relatively small number of years and, in many respects, much more has been achieved than was ever expected or even dreamed of; however, there is still much to be done.
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